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INTRODUCTION
Over 50,000 new cases of head and neck squamous cell carcinoma (HNSCC) are diagnosed in the United States yearly, with a mortality rate of 12, 000 annually. As with lung cancer, this malignancy is also predominantly related to smoking with alcohol as a co-carcinogen, although infection with the human papillomavirus (HPV) has also been associated with the majority of oropharynx cancers (1, 2). Despite significant progress in therapeutic interventions, including surgery, radiotherapy, and chemotherapy, the 5-year survival rate for patients with HNSCC has shown only modest improvement in the past decades (3).
Treatment of HNSCC involves several challenges, including local control of primary tumor. Primary tumor recurrence is a significant contributor to disease morbidity, but even successful treatment of primary occurrences can result in significant morbidity, including dysphagia, dysarthria with surgical salvage requiring laryngectomy as well as other procedures (4) . Despite combined modality therapy, local recurrence still occurs in at least 15% of cases, with higher rates in many series depending on site and stage (5-7). Intuitively, using molecular biomarkers that could predict the likelihood of survival or recurrence may direct the extent of therapy with better outcomes.
Epigenetic gene silencing is a molecular mechanism of silencing a gene by methylating its promoter region and plays a vital role(s) in the development of several types of cancer, including HNSCC (8) (9) (10) .
Aberrant promoter methylation may affect genes involved in cell cycle control (P16, Rb, and P14) (11) (12) (13) , DNA repair (MGMT and hMLH1) (14, 15) , cell adhension (H-cadherin and CDH-1) (16, 17) , signal transduction (RASSF1A) (18) , apoptosis (DAPK and TMS1) (19) and cell differentiation (RARB2) (20) . Promoter hypermethylation in tissue samples can be detected using quantitative methylation-specific PCR. This realtime PCR methodology allows a more objective, robust, and rapid assessment of promoter methylation status.
The ability to quantify methylation provides the potential for determination of a threshold level to improve sensitivity and specificity in detection of tumor specific signal (21) (22) (23) . Recent publications have shown the detection of promoter hypermethylation in various bodily fluids including saliva (24) (25) (26) . The detection of DNA methylation in bodily fluids opens the potential to develop of biomarkers predictive of local recurrence and poor survival. Author Manuscript Published OnlineFirst on January 6, 2012; DOI: 10.1158/1078-0432.CCR- We have previously published results of salivary rinse screening using promoter hypermethylation basedmarkers in patients with previously diagnosed HNSCC. We developed a panel of promoter hypermethylation markers, including DAPK, DCC, MINT-31, TIMP3, P16, MGMT, and CCNA1 for detection of HNSCC by evaluation of salivary rinse from these patients (27) . Further, in a pilot cohort of 61 HNSCC patients, we reported the potential of detection of promoter hypermethylation of this panel in pretreatment salivary rinses as a biomarker for HNSCC surveillance (28) . In the current study, we intended to validate the biomarker panel status of salivary rinses from a larger, separate, prospectively collected cohort of patients with HNSCC. The independent association of biomarker status with overall survival, disease free survival and local recurrence in this cohort were determined.
MATERIALS AND METHODS

Subjects.
Between August 1999 and January 2010, the salivary rinse samples were prospectively collected from patients (n=197) presenting with previously untreated squamous cell carcinoma from the oral cavity, larynx, or pharynx, at the Department of Otolaryngology-Head and Neck Surgery, Johns Hopkins Medical Institutions (Baltimore, MD). Institutional approval from our Institutional Review Board was obtained for the conduct of the studies. According to our salivary rinse collection protocol, a written informed consent was obtained from each subject. No selection criteria were applied on patients. To obtain clinical information, we reviewed medical records of patients with pathologically confirmed HNSCC. Enrollment included collection of demographic information and risk factor history. Smoking was defined as use of tobacco, chewable or smoked, for at least 1 year continuously. Patient follow-up information was obtained through review of hospital and physician records, direct patient contact, the tumor registry, and the social security death index. The median follow up time of these patients is 29.1 months (range 0.2-115.0 months) after the collection of the salivary rinse samples.
Collection of salivary rinse samples. Salivary rinses were obtained before tumor treatment from all subjects as previously described (27) . In brief, the tissue collected using this technique includes exfoliated epithelial cells from the upper aerodigestive tract, and an exfoliating brush is used to harvest cells from deep epithelial layers in the oral cavity and oropharynx. The tumor site is intentionally avoided during brushing. This Author Manuscript Published OnlineFirst on January 6, 2012; DOI: 10.1158/1078-0432.CCR- technique allows for a broad sampling of epithelial cells from multiple sites in the upper aerodigestive tract. Salivary rinses were obtained by using rinsing and gargling with 20 mL of normal saline solution. Cellular material from the brushing was released into the saline rinse and centrifuged to obtain a cell pellet after supernatant was discarded. Pellets were then immediately frozen and stored at -80 °C.
DNA extraction. DNA obtained from salivary rinse samples was extracted by the tissue bank by digestion with 50 µg/mL proteinase K (Boehringer) in the presence of 1% SDS at 48 °C overnight followed by phenol/chloroform extraction and ethanol precipitation.
Bisulfite treatment. The DNA obtained from the salivary rinse samples was subjected to bisulfite treatment, using the EpiTect Bisulfite kit from Qiagen according to the manufacturer's conditions, http://www.Qiagen.com.
Bifulfite-treated DNA was eluted in 30 µL of elution buffer and stored at -80 °C (29, 30) .
Quantitative methylation-specific PCR. The bisulfite-treated DNA was used as a template for fluorescencebased real-time Q-MSP as described previously (31) . The P16, CCNA1, DCC, TIMP3, MGMT, DAPK, MINT31 and ACTB genes had been previously detected on a prior screen of salivary rinses in HNSCC patients. All of these markers were found to be present in negligible amount in the saliva of healthy control subjects (27, 28) . We had previously optimized the primer and probe sequences for Q-MSP, and their sequences are available on previous publication (27) . The ratios between the values of the gene of interest and the reference gene ACTB were obtained by TaqMan analysis and used as a measure for representing the relative quantity of methylation in a particular sample (value for gene of interest / value for ACTB gene × 100). reproducibility of the individual reactions. Standardization was done by collecting leukocytes from a healthy individual and subjecting the cells to methylation in vitro with excess SssI methyltransferase (New England Biolabs) to generate completely methylated DNA. The DNA was then bisulfite treated as described above.
Serial dilutions of the DNA were used for constructing the calibration curves on each plate. A separate sample of leukocytes from a healthy individual was obtained and only bisulfite treatment was done on the samples. These samples were used as a negative control for the reactions. Leukocyte DNA from a healthy individual was also methylated in vitro with excess SssI methyltransferase (New England Biolabs) to generate completely methylated DNA, and serial dilutions (45-0.0045 ng) of this DNA were used to construct a calibration curve for each plate (32) . There were also several control wells in each plate that contained only the reaction mix and water to ensure that there was no contamination. The results of Q-MSP were analyzed considering the quantity of methylation normalized by ACTB as well as the quantity of methylation as a binary event, in which any quantity of methylation in a sample would be considered positive for methyaltion.
Target gene selection. Genes selected for this study came from a study previously done in our lab to develop a panel for HNSCC detection and surveillance in body fluids (27, 28) . These genes included P16, CCNA1, DCC, TIMP3, MGMT, DAPK, and MINT31. In our former study, we reported the aberrant promoter hypermethylation of P16, MGMT, DAPK (26), TIMP3 (33), CCNA1 (34), DCC (35) in HNSCC tumor tissues.
We also reported aberrant promoter hypermethylation of CCNA1 in O22 and O28 HNSCC cell lines (34) HPV analysis. The HPV status was determined as described previously (28, 37) . In brief, specific primers and probes have been designed to amplify the E6, E7 regions of HPV16. Their sequences are available in a previous publication (28) . All the samples were run in duplicate. Primers and probes to a house-keeping gene (β-actin) were run in duplicate and parallel to normalize input DNA. Samples in which two results were not concordant were repeated twice in duplicate and were usually due to failed PCR in one of the initial reactions.
Each reaction was run 50 cycles. By using serial dilutions, standard curves were developed for the HPV 16 viral copy number using CaSki (American Type Culture Collection, Manassas, VA) cell line genomic DNA, known to have 600 copies/genome (6.6 pg of DNA/genome). Standard curves were developed for HPV16 E6 and E7, using serial dilutions of DNA extracted from CaSki cells with 50,000 pg, 5,000 pg, 500 pg, 50 pg and 5 pg of DNA. Standard curves were developed as well for the β-actin housekeeping gene (2 copies / genome), with missing information were considered as a separate category and included in the analysis as well. In each case, we verified whether the category "missing information" was associated with a significant prognostic value.
The primary end points of the study were overall survival, disease free survival, and local recurrence free survival. Overall survival was defined as the time elapsed from the date of completion of therapy to the date of death from any cause or the date of last follow-up. Disease-free survival was defined as the time elapsed from the date of completion of therapy to the date of the first adverse event (i.e, persistent disease, disease recurrence or death without recurrence). Local recurrence free survival was defined as the time elapsed from the date of completion of therapy to the date of local recurrence. Death without local recurrence is considered as a competing risk for local recurrence.
Proportional-hazards models were used to assess the univariate prognostic significance of clinical variables and each individual methylation marker on overall survival and disease free survival. Computing risk regression model using the Fine and Gray method (38) was applied for the local recurrence free survival outcome. The hazard ratios were calculated relative to a reference group and presented with their corresponding 95% CIs. Multivariable analysis was performed to evaluate the effect of the methylation markers on risk of failure, adjusting for each patient and tumor characteristic prognostic factors. Methylation indicator of each of the seven genes as well as additional prognostic factors whose P value were lower than 0.05 was included in the multivariate Cox regression model.
The analysis was performed using statistical package SAS. Competing risk package cmprsk in R (http://cran.rphroject.org/doc/cmprsk.pdf) was used for the computation of computing risk regression for the local recurrence free survival endpoint. Corrected group prognostic curves of cumulative incidence function for local recurrence survival was generated with adjustment for covariates (39) . In the sensitivity analyses, we either included death without recurrence as an event, or censored those patients who died. All reported P values are two-sided, P value less than 0.05 were considered statistically significant.
RESULTS
Characteristics of the Patients
The study population consisted of 197 patients with a historically confirmed diagnosis of HNSCC from August 1999 through January 2010. The characteristics of the study population (n=197) largely reflect the demographics of head and neck cancer patients in the United States (Table I) Hazard Ratio, 4.07; 95% CI, 2.39 to 6.92), and margin status (Cancer vs Other, Hazard Ratio, 1.83, 95% CI, 1.08 to 3.10) were significantly associated with overall survival whereas no significant prognostic values were found with the other factors (Table II) . The presence of promoter hypermethylation of CCNA1, MGMT, and MINT31 in salivary rinses was significantly associated with overall survival. In the patients in which the presence of promoter methylation of CCNA1, MGMT, or MINT31 was observed in salivary rinses, the hazard ratios for overall survival were 1.92 (95% CI, 0.99 to 3.72), 1.93 (95% CI, 1.10 to 3.39), 4.42 (95% CI, 1.88 to 10.41), respectively (Table II) (Table III, and   Supplementary Table I ).
Promoter
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. Author Manuscript Published OnlineFirst on January 6, 2012; DOI: 10.1158/1078-0432.CCR-11-2392 CCNA1, MGMT, or MINT31 did not reach statistical significance as predictors of overall survival
Disease-Free Survival
In univariate analysis, we found that traditional markers for prognosis including age (Hazard Ratio, 1.05; 95% (Table II) . In a Cox regression analysis, after adjusting for age, HPV, primary tumor site, pathological tumor stage, the presence of promoter methylation of MINT31 in salivary rinse samples did not achieve statistical significance as predictor of disease free survival (Table III, and Supplementary Table   II) .
Local Recurrence-Free Survival
The relation between the presence of promoter hypermethylation of these seven genes and local recurrence was then investigated to identify biomarkers that would be useful as a risk factor of local recurrence. Because in the 197 patients we studied, 24 died of other causes before local recurrence. Therefore, during our analysis we considered death before local recurrence as a competing risk, instead of treating it as an event or censoring it. For patients with the presence of TIMP3 promoter hypermethylation, the 5-year cumulative incidence of local recurrence was 23.7% compared with 11.7% for patients without the presence of TIMP3 promoter hypermethylation. In our competing risk regression model using Fine and Gray method, the presence of promoter methylation of TIMP3 was found significantly associated with local recurrence free survival (Hazard Ratio, 2.61, 95% CI, 1.16 to 5.84, Table II Hazard Ratio, 0.45, 95% CI, 0.21 to 1.01, Table II), the presence of TIMP3 promoter methylation remained an independent prognostic factor for local recurrence free survival (Hazard Ratio, 2.51, 95% CI, 1.10 to 5.68) (Table III, and Supplementary Table III) . Figure 2 presented the cumulative incidence of local recurrence for patients between present or absent of TIMP3 promoter hypermethylation (P=0.02) with adjustment of primary tumor site. A similar result was also produced when using non-parametric method (data not shown). In addition, to confirm this result, two sensitivity analyses were undertaken with one where death without local recurrence is included as an event and the other with death treated as censored. In both sensitivity analyses, the presence of TIMP3 promoter methylation was consistently shown as an independent factor for local recurrence overall survival when adjusting for other prognostic factors (data not shown).
DISCUSSION
Body fluids such as saliva, which can be obtained by noninvasive techniques, are potential sources for development of biomarkers for detection, diagnosis and prognosis of HNSCC. Previous research demonstrated the feasibility of detection of promoter hypermethylation using salivary rinses as a means for detection of HNSCC. Recently, we studied a large sample size of both controls and HNSCC patients using multiple panels of methylated promoter regions with quantitative-MSP in salivary rinses. From the initial screening of 21 genes for salivary rinses, ultimately, seven genes, including DAPK, DCC, MINT-31, TIMP3, P16, MGMT and CCNA1, were selected as part of a panel to distinguish salivary rinses from HNSCC patients and healthy controls (27) . With a pilot cohort of 61 HNSCC patients, we also found that the detection of these markers in pretreatment salivary rinse DNA is likely prognostic indicator for local recurrence and poor survival (28) . In this current study, we employed a separate, prospectively collected cohort of 197 patients with HNSCC to validate the association of these seven methylation-based salivary-rinse biomarkers with survival and local recurrence.
Our data indicated that detection of promoter methylation of CCNA1, MGMT, and MINT31 in salivary rinses was significantly associated with poor overall survival of patients with HNSCC in univariate analysis.
Yet, none of them are independent prognostic factors as shown in multivariate analysis. Our data also supported that detection of promoter hypermethylation of MINT31 was significantly associated with poor disease-free survival in patients with HNSCC, whereas detection of promoter hypermethylation of CCNA1 or MGMT was of borderline significance, as shown in univariate analysis. However no association was found between detection of promoter methylation of MINT31, CCNA1, or MGMT in salivary rinse with disease free survival for patients with HNSCC in multivariate analysis. It is thus unlikely that methylation of any one of the individual makers examined in salivary rinse was for overall survival or disease-free survival observed with patients with HNSCC. No single methylation marker was associated with outcome in multivariate analysis to alone account for a difference in the clinical course of disease. Clearly, we have not eliminated the possibility that methylation of one or more other critical genes has occurred and that this process is indirectly associated methylation of our gene panel.
We were not able to fully validate the independent prognostic significance (overall survival) of our initial marker panels identified by our pilot study in this larger, separately collected cohort. With the current cohort, even when the subset of patients whose primary site is oral cavity was analyzed alone, the independent prognostic association of promoter hypermethylation of this salivary rinse marker panel with overall survival was not able to be validated (data not shown). It is difficult to speculate on potential factors affecting our results. To date, the mechanism leading to the presence of gene promoter hypermethylation in salivary rinse is not well understood. Previously, we proposed that 1) aggressive tumors may undergo increase rate of mechanical dissociation or shedding into salivary rinses. Those tumors with a higher burden of epigenetic alteration may be more frequently detected in salivary rinses, and may have a more aggressive behavior; 2) premalignant clonal patches expand well beyond primary tumor location, resulting a larger surface area of epigenetically altered cells to shed into the saliva, and also may predispose to development of recurrent tumors from adjacent premalignant cells (28) . The demographic and clinical characteristics of our current cohort appeared comparable to that in the pilot study we previously published, and were broadly representative of standard clinical practice. The large sample size of this validation cohort should provide additional power to determine the significance of marker panel combinations with borderline significance in our pilot study. It is possible that these associations could have occurred by chance alone and should be interpreted with caution.
Importantly, our study demonstrated a significant association between detection of TIMP3 promoter hypermethylation in salivary rinse and local recurrence free survival. We reported that HNSCC patients with Hazard Ratio, 2.61, 95% CI, 1.16 to 5.84) . Furthermore, multivariate analysis confirmed detection of TIMP3 promoter hypermethylation in salivary rinse as an independent prognostic marker of local recurrence-free survival (Hazard Ratio, 2.51, 95% CI, 1.10 to 5.68).
TIMP3 is a tumor suppressor gene found on chromosome 12q12.3 and is part of a family of genes that inhibit matrix metalloproteinase (MMPs). TIMP3 regulates activities of MMPs and functions dependent on matrix composition including invasion, migration, differentiation, and proliferation. Promoter hypermethylation of TIMP3 has been shown to be a pathway to carcinogenesis in pancreatic, gastric, kidney, brain, colorectal, lung, breast, and several other tumor types (40) (41) (42) (43) . In HNSCC, we reported that TIMP3 promoter hypermethylation is elevated in HNSCC and is highly correlated with DAPK hypermethylation, implying a functional relationship between these genes (33) We also propose that it may not necessary to perform comparative analysis with tumor tissues to address the heterogeneity of these salivary rinse methylation markers in the current study. Given that the purpose of this study is to validate the association between a panel of methylation-based salivary rinse biomarkers and head and neck cancer surveillance based on our previously published data, we have applied the same methodology used in our former studies for marker validation (27, 28) . Biologically, HNSCC often develop within preneoplastic fields of mucosal epithelium made up of genetically altered cells (2) . The concept of "field cancerization" is defined as the presence of one or more mucosal areas consisting of epithelial cells that have cancer-associated genetic or epigenetic alterations. A field is preneoplastic by definition, it may have histological aberrations characteristic of dysplasia, but not necessarily. This postulates that insult from a carcinogen occurs across the entire epithelial field, giving rise to multiple, independent sites of carcinogenesis (47) . The concept of "field cancerization" has being applied to the head and neck cancers that occur in oral cancer, laryngeal cancer, hypopharyngeal cancer, and partially in oropharyngeal cancer (in our validation cohort, 51.8% are oropharyngeal cancer). Notably, in our former study examining promoter hypermethyaltion Author Manuscript Published OnlineFirst on January 6, 2012; DOI: 10.1158/1078-0432.CCR- patients; the detection of promoter hypermethylaiton of MINT31 is significantly associated with disease-free survival; but none of them remained as independent prognostic factors in multivariate analysis. However, to the first time, we demonstrated that the detection of promoter hypermethylation of TIMP3 in salivary rinse is an independent prognostic factor of local recurrence overall survival. This has implication for directing specialized health care resources toward surveillance of patients with previously treated HNSCC who are at risk for recurrence, resulting in more efficient, improved surveillance and improved outcomes for patients at risk for recurrence. methylation levels for seven genes (P16, CCNA1, DCC, TIMP3 , MGMT, DAPK and MINT31) in the DNAs from salivary rinses collected from 185 HNSCC cancer patients. The quantity of methylated allele of each gene was expressed as the ratio of the amount of polymerase chain reaction products amplified from the methylated gene to the amount amplified from the reference gene β actin multiplied by 100. 
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